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Field of the Invention 

10 The invention relates to an improved process for making 3-amino-2-chloro~4- 
methylpyridine, also known as CAPIC. 

Background of the Invention 

CAPIC is a key intermediate in the production of nevirapine, a non-nucleosidic reverse 
15 transcriptase inhibitor that has been established to be clinically useful for the treatment of 
infection by HIV-1. 




(nevirapine) 

20 

Syntheses of nevirapine from CAPIC have been described by Hargrave et al., in J. Med. 
Chenu 34, 223 1 (1991) and U.S. Patent 5,366,972, and by Schneider et al., in U.S. Patent 
5,569,760. 

25 Several processes for preparing CAPIC have been described in the literature. 
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It is believed that the earliest synthesis of CAPIC, depicted below in Scheme 1, is that of 
Chapman et al. {J. Chem Soc.Perkin Trans.l, (1980), 2398-2404). 



SnCI 4 / HCI 




N CI 




Scheme 1 



A closely related synthesis for CAPIC, depicted below in Scheme 2, has been described by 
Hargrave et al. (U.S. Patent 5,366,972). 




Me 



PCI 5 , POCI 3 



NO 



N OH 
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^ SnCI 4 /HCI 
N CI 



Scheme 2 
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NH, 



S^CI 
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As reported by Grozinger et al. (J. Heterocyclic Chem,, 32, 259 (1995)), CAPIC has been 
synthesized in small laboratory batches by nitrating the readily available 2-amino-4- 
picoline or 2-hydroxy-4-picoline, as depicted below in Scheme 3. This procedure suffers 
from non-selective nitration at positions 3 and 5, as well as thermo-chemical hazards and 
15 potential for "run-away" when carried out in large quantities. 
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SnCI 2 /H 2 0/HCI 
f) = HCI/CI 2 




Scheme 3 

The drawbacks of the nitration-based process lead Grozinger to develop the two synthetic 
routes, which start from ethylacetoacetone and cyanacetamide, that are described in U.S. 
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Patent Nos. 5,668,287 and 5,200,522, and are depicted below in Schemes 4 and 5. Both of 
the latter two synthetic routes require the dichlorination of the intermediate 2,6-dihydroxy- 
4-methyl-3-pyridinecarbonitrile, at positions 2 and 6, subsequent de-chlorination and 
finally selective re-chlorination, using chlorine gas, at position 2. The di-chlorination and 
dehalogenation, as well as the selective monochlorination at position 2 require special 
manufacturing equipment that is expensive and may not be readily available. 
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Schneider (U.S. Patent 5,686,618) has provided an alternative means for mono- 
chlorinating 3-amino-4-methylpyridine at position 2, using H2O2 in HC1, instead of 
5 chlorine gas. 

Yet another synthesis, depicted below in Scheme 6, comprising the steps of chlorination of 
ethyl cyanoacetate, Michael addition with crotonaldehyde, cyclization, conversion to the 
amide and finally reduction to the amine has been described by Zhang et al. {Tetrahedron 
10 51(48), 13177-13184 (1995)), who report that while the desired product was obtained, the 
Michael addition was slow and the cyclization low-yielding. 
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Scheme 6 



A synthesis beginning with 2-chloro-3-aminopyridine has been disclosed by Nummy (U.S. 
5 Patent 5,654,429). This is depicted below in Scheme 7. 
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Scheme 7 



International Application WO 00/43365 describes the process for preparing CAPIC that is 
depicted below in Scheme 8. 




Scheme 8 
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A closely related alternative, depicted below in Scheme 9, is disclosed in International 
Application PCT/US00/0026I . 




Scheme 9 

5 Baldwin et al. (J. Org. Client., 43, 2529 (1978)), reported a method for the preparation of 
2-halonicotinic acid derivatives using P,y-unsaturated aldehyde equivalents as shown in 
Scheme 10. The procedure involves the initial Knovenagel condensation of an aldehyde or 
ketone with ethyl cyanoacetate or malonitrile followed by reaction with DMF acetal. The 
cyclization of the p,y-unsaturated aldehyde equivalent is carried out by treatment with 

10 HBr-acetic acid to give the 2-bromo adduct directly. Reaction yields with DMF acetal 
were in the 5 to 60% range, depending on the nature of the alkyl substituents. In several 
cases, the reaction of DMF acetal with the Knovenagel adduct led to dimer formation. 
Overall yields for the two step process varied from 3 to 35% depending on the nature of 
the substituents. 
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Scheme 10 



Baldwin et ah, supra. , also used mixtures of acetals and enol ethers as (3/y-unsaturated 
aldehyde equivalents to overcome the limitations associated with the use of DMF acetal in 
the preparation of 2-bromonicotinic acid derivatives (Scheme 1 1). Yields also tended to 
vary with this approach depending on the substitution pattern of Knovenagel adduct. 
Yields for the cyclization step ranged from 29 to 74% while overall yields for the two step 
process ranged from 1 5 to 40%. 
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Scheme 11 



In summary, the methods that have been developed to date for the preparation of CAP1C 
and other related 4-alkylnicotinic acid derivatives suffer from excessive complexity, 
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inefficiency and/or lack of regiocontrol. Of the approaches considered, Baldwin's use of 
acetal/enol ether systems addresses the regioselectivity issues most effectively 

Description of the Invention 

In its most general aspect, the invention comprises an improved process for the preparation 
of 2-chloro-3-amino-4-methylpyridine (CAPIC) which comprises the following steps: 

(a) reacting acetylacetaldehyde dimethyl acetal 



to yield a mixture of 4,4-dicyano-3-methyl-3-butenaI dimethyl acetal and l,l~dicyano-4- 
methoxy-2-methyl- 1, 3 -butadiene 




OMe 



with malononitrile 




CN 



MeO 




NC 



NC 



OMe 



OMe 
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(b) treating the mixture of 4,4-dicyano-3-methyI-3-butenal dimethyl acetal and 1,1 - 
dicyano-4-methoxy-2-methyl-l,3-butadiene so produced with a strong acid and water, to 
yield 3-cyano-4-methyl-2-pyridone 



5 




(c) treating the 3-cyano-4-methyl-2-pyridone so produced with a strong chlorinating agent, 
to yield 3-cyano-2-chIoro-4-methylpyridine 



10 




(d) treating the 3-cyano-2-chloro-4-methylpyridine produced in the preceding step with a 
strong acid and water, to yield 2«chloro-3-amido-4-methylpyridine 



15 




(e) treating the 2-chloro-3-amido-4-mcthylpyridine produced in the preceding step with a 
strong base and a halide, to yield 2-chloro-3-amino-4-methy]pyridine. 

20 This general method is depicted below in Scheme 12. 
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Scheme 12 

The intermediates 4,4-dicyano-3-methy!-3-butenaI dimethyl acetal and l,l-dicyano-4- 
methoxy-2-methyl-l,3-butadiene are believed to be novel, and constitute an aspect of the 
invention. 



10 



The first step of the above-described process is a Knovenagel condensation. This is carried 
out in an organic solvent at a temperature in the range between 0 and 50°C. Acceptable 
solvents are, for example, aromatic hydrocarbons such as benzene, toluene or alkanols 
such as methanol, ethanol, propanols and other higher molecular weight alcohols. The 
preferred solvents are toluene and methanol. The preferred reaction temperature is 15 to 
25 °C. The condensation is run in the presence of a small quantity of an ammonium salt 
catalyst. Preferred catalysts are heterocyclic ammonium salts. Most preferred is 
piperidinium acetate. 
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The product of the Knovenagel condensation is a mixture of 4,4-dicyano-3-methyl-3- 
butenal dimethyl acetal and lj-dicyano^-methoxy^-methyl-l^-butadiene. These two 
compounds need not be separated, as they both are converted in the next step, which is an 
acid-catalyzed cyclization, to 3-cyano-4-methyl-2-pyridone. It is possible to conduct the 
5 cyclization simply by acidifying the initial reaction mixture, without isolation of the 
mixture of intermediates. However, it is preferred to first isolate the two intermediates 
from the other components of the crude Knovenagel reaction mixture. This is conveniently 
accomplished by washing the reaction mixture emanating from the condensation with 
water, to remove the basic catalyst, followed by evaporation, to remove the solvent 
1 0 (toluene or methanol). 

While the crude reaction mixture can be carried forward to the next step after catalyst 
removal and concentration, it has been discovered that this crude product contains 
undesired byproducts that tend to be carried forward into subsequent reaction steps and 

15 reduce yields. Therefore it is desirable to remove these byproducts once the catalyst 

removal and concentration have been completed. The removal of these byproducts can be 
performed by simple distillation techniques, preferably by continuous short path 
distillation such as wiped or thin film evaporation. This technique is particularly effective 
for the removal of high boiling materials, which appears to be sufficient to obtain the 

20 observed yield improvements. 

The acid-catalyzed cyclization is performed with a strong acid, such as, for example, 
concentrated and sulfuric acid. As the reaction is highly exothermic, it is best to introduce 
the mixture of 4,4-dicyano-3-methyl-3-butenal dimethyl acetal and 1 , 1 -dicyano-4- 

25 methoxy-2-methy I- 1 ,3-butadiene into the acid slowly, and with stirring, so that the 

temperature of the mixture does not rise above about 50°C. After evolution of heat has 
substantially ceased, the reaction mixture is heated to between about 30 and 50°C, 
preferably 50 °G, and held at that temperature for between about 1 and 3 hours, preferably 
about 1.5 hours, to complete the reaction. The reaction mixture is cooled to ambient 

30 temperature, water is added, and the intermediate product, 3-cyano-4-methyl-2-pyridone, is 
filtered off, washed with water and dried. 
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Next, the 3-cyano-4-methyl-2-pyridone so produced is treated with a strong chlorinating 
agent. Suitable chlorinating agents are SOCK, POCI3 and PCI5. It is preferred to use 
POCI3 (10 parts)and PCls(l part). The reaction mixture is heated to reflux (approximately 
5 115 °C) and held under this condition for about two hours, or until the chlorination is 

essentially complete. The chlorinating agent is removed. For example, excess POCl 3 may 
be removed by distillation. The reaction mixture is then cooled and water is added. The 2- 
chloro-3-cyano-4-methylpyridine is filtered from the aqueous mixture. The aqueous 
filtrate is extracted with an inert organic solvent such as chloroform, methylene chloride, 
10 with methylene chloride being preferred in order to recover the residual 2-chloro-3-cyano- 
4-methylpyridine. 

The 3-cyano intermediate is next converted to a 3-amido compound. This is accomplished 
by treating the cyano intermediate with a concentrated, aqueous strong acid, such as 

15 sulfuric acid. This is preferably done with stirring, at a temperature between about 70 and 
1 10°C, preferably at about 90 °C. The mixture was heated to between about 80 and 120°C, 
preferably about 100 °C and held at that temperature for three hours, or until further 
reaction ceases. The reaction mixture is then cooled to between about 70 and 1 10°C, 
preferably about 90°C, and water is added. The mixture is then cooled to between about 0 

20 and 20°C, preferably about 1 0 °C and held at that temperature for about one hour. The 
solid product, 2-chloro-3-amido-4-methylpyridine, is isolated from the reaction mixture by 
filtration, washed with water and dried. 

In the final step of the process, the 3-amido intermediate is converted to the 3-amino final 
25 product by adding it to a mixture of a strong base and a halogen. The base may be aqueous 
sodium carbonate or sodium hydroxide, preferably sodium hydroxide. The halogen may 
be chlorine or bromine, preferably bromine. The resulting reaction mixture is heated to 
between about 10 and 30°C, preferably to about 22 °C. Water is then added to the reaction 
mixture followed by heating to between 60 and 80°C, preferably to about 70 °C 3 for one 
30 additional hour. The reaction mixture is cooled to ambient temperature and extracted with 
an inert organic solvent, such as chloroform or methylene chloride, preferably methylene 
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chloride. The organic solvent is removed by evaporation, to yield 2-chloro-3-amino-4- 
methylpyridine. 

Example 1, below, describes a specific preparation of CAPIC that was carried out in 
accordance with the general method of the invention. 



Example 1 

a) Preparation of a mixture of 4,4-dicyano-3-methyl-3-butenal dimethyl acetal and 
1,1 -dicyano-4-methoxy-2-methyI- 1 ,3 -butadiene 
(Knovenagel Condensation) 



/? NC v OMe 

H 3 C — \ CN Pipendinium Acetate \ — q^j 



3 




Toluene, Room Temp. Me 

MeO— ( CN 

OMe MeO 

OMe 
1 

Piperidinium acetate (5.42 g, 0.037 moles) was added to a stirred solution of toluene (150 
ml) and acetylacetaldehyde dimethyl acetal (49.3 g, 0.373 moles). Malononitrile (24.65 g, 
0.373 moles) was then added to the reaction mixture over a 20-minute period. The mixture 
was allowed to stir for 24 hours at room temperature. The reaction mixture was then 
washed with 50 mL of water followed by rotary evaporation to give 67.14 g of a mixture of 
4,4-dicyano-3-methyl-3-butenal dimethyl acetatal (1) and l,l-dicyano-4-methoxy-2- 
methyl-!,3-butadiene (2). 
mp: not isolated 

Yield: 71.9% (1) and 21.6% (2) 

'H NMR: s 4.55 (m, 1 H), 3.4 (5, 6H), 2.9 (d, 2H), 2.25 (5, 3H) 

IR(KBr): 3059, 2219, 1629, 1547, 1359, 1248, 1 143, 981 cm" 1 

Mass spectrum m/z; (1) m/z 179, 149, 121, 75 (2)148,133,119,91,83,78 
Purity: crude mixture 
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(b) Preparation of 3-cyano-4-methyI-2-pyridone 



(Cyclization) 



NC NC 





3 



CN 



O 



5 



The mixture of 4,4-dicyano-3-methyI-3-bufenal dimethyl acetatal (J) and l,l-dicyano-4- 
methoxy-2-methyl-l,3-butadiene (2) produced by the preceding step was added to a stirred 
solution of concentrated sulfuric acid (109.8 g, 1.12 moles) at a rate so that the reaction 
contents did not exceed 30 °C. The reaction mixture was then heated to 50 °C and held at 

10 that temperature for 1 .5 hours. The reaction mixture was cooled to ambient temperature 
followed by the addition of water (150 mL). The product was filtered from the reaction 
mixture, washed with water (20 mL) and dried in a vacuum oven at 70 °C and full vacuum 
for 12 hours to give 40.7 g of 3-cyano-4-methyl-2-pyridone (3). 
mp: 230-232 °C 

15 Yield: 81.4% 

] H NMR:6.95 (d, J= 2Hz, 1H), 6.29 (d, J= 2Hz, 1H), 2.35(s, 3H); I3 C NMR 162.0, 160.4, 
140.0, 116.1, 108.1, 103.4,21.1 

IR(KBr):3144, 3097,2979,2833,2227, 1652, 1635, 1616, 1539, 1484, 1242, 1218, 1173, 
819 cm 1 

20 Mass spectrum m/z: 134, 105, 78, 63, 5 1 

Purity: 98.6 % by HPLC analysis (peak area basis) 

(c) Preparation of 2-chloro-3-cyano-4-methy Ipyridine 



(Chlorination) 



25 
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H 



The product of the preceding step, 4-methyl-3-cyano-2-pyridone (40.7 g, 0.304 moles) was 
added to a stirred solution of POCL 3 (140 g, 0.912 moles) and PC1 5 (19.0 g, 0.091 moles). 
5 The reaction was heated to reflux (approximately 1 1 5 °C) and held under those conditions 
for two hours. Excess POCL3 was removed by distillation. The reaction mixture was then 
cooled followed by the addition of water (30 mL) water. The aqueous mixture was 
extracted with 30 mL methylene chloride. The extracts were concentrated and 43.2 g was 
recovered as a tan solid, which was determined to be 2-chloro-3-cyano-4-methylpyridine 
10 (4). 

rnp: 102-104 °C 
Yield: 82.7% 

! HNMR: 8.03, (d, J= 2 Hz, 1H), 7.6 (d, J= 2 Hz, 1H), 2.5 (s, 3H); 13 C NMR 156.1, 152.6, 
151.8, 124,9, 114.4, 1H.8, 20.6 
15 Mass spectrum m/z: 155, 154, 152, 1 17, 1 16, 90, 89, 76, 64, 63, 62 

FTIR(KBr): 3144, 2979, 2834,2228, 1653, 1616, 1540, 1484, 1242, 1218, 1173,819, 607 
cm 

Purity: 98.2% by H.PLC analysis (peak area basis) 

20 (d) Preparation of 2-chloro-3-amido-4-methylpyridine 
(Addition of water) 
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4 5 



The product of the preceding step, 2-chloro-3-cyano-4-methylpyridine (34. 14 g, 0.224 
moles) was added to a stirred solution of concentrated sulfuric acid (65.87 g, 0.672 moles) 
5 at 90 °C. The mixture was then heated to 100 °C and held at that temperature for three 
hours. The reaction was then cooled to 90 °C followed by the addition of water (121 mL). 
The mixture was cooled to 10 °C and held at that temperature for one hour. The solid 
product was isolated from the reaction mixture by filtration, washed with water (16 mL) 
and dried at 70 °C under full vacuum to give 34.7 g of 2-chloro-3-amido-4-methylpyridine 
10 (5). 

mp: 178-1 79 °C 
Yield: (90.9% 

'H NMR: 8.28 (d, J- 8 Hz, 1H), 8.09 (s, 1H), 7.84 (s, 1H), 7.34 (d, J= 8 Hz, 1H), 2.3 1 (s, 
3H) 

15 13 CNMR: 166.4, 1149.0, 1437.8, 146.2, 136.0, 125.0, 18.9 

Mass spectrum m/z: 155, 154, 152, 1 16, 91, 90, 89, 88, 76, 75,64,63, 62, 52,51 
FTIR(KBr): 3407, 3303, 3194, 3116, 3069, 3031, 2962, 2847, 1664, 1539,1475, 1458, 
1380, 1174, 1145,798, 595 cm" 1 . 

20 (e) Preparation of 2-chloro-3-amino-4-methylpyridine 
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Bromine (34.7 g, 0.204 moles) was added to a stirred solution of sodium hydroxide (8.14 
g. 0.224 moles) and water (205 mL) at 0 °C. The product of the preceding step, 2-chloro- 

3- amido-4-picoline (34.7 g, 0.204 moles) was then added to the reaction mixture followed 
by heating to 22 °C. An additional 66 mL water was then added to the reaction mixture 
followed by heating to 70 °C and stirring for one additional hour. The reaction mixture 
was cooled to ambient temperature and extracted with methylene chloride (60 mL). The 
methylene chloride was removed by rotary evaporation to give 24.8 g of 2-chloro-3-amino- 

4- methylpyridine (6). 
mp: 69 °C 

Yield: 85.2% 

'HNMR: 7.5 (d, J= 4.64Hz, 1H), 7.0 (d, J=4.28 Hz, 1H), 5.25 (s, 2H), 2.1 (s,3H) 
13 CNMR: 140.0, 136.2, 135.6, 131.9, 125.7, 19.0 

IR(KBr):3429, 3308,3198, 1630, 1590, 1550, 1475, 1451, 1441, 1418, 1377, 1295, 1122, 
860, 821,656, 527 cm -1 

Mass spectrum m/z: 145, 144, 142, 107, 106, 105, 80, 79, 78, 62, 54, 53, 52 
Purity: 87.6%, HPLC analysis (peak area basis). 
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Example 2, below, describes a specific preparation of CAPIC that was carried out in 
accordance with the preferred method of the invention in which the Knovenagel 
condensation reaction product is purified by short path distillation. 

5 a) Preparation of a mixture of 4 5 4-dicyano-3-methyl-3-butenal dimethyl acetal and 
l,l-dicyano-4-methoxy-2-methyl-l s 3-butadiene followed by short path distillation 
(Knovenagel Condensation) 

/? NC \ OMe 

H 3 C— \ CN Piperidinium Acetate \ — CN | 

) + f Toluene, Room Temp^ Ufl _J/ + ^ 

MeO— <^ CN Short Path Distillation / NC^J\ 

OMe MeO— ( | Me 

OMe CN 
1 2 

10 Piperidinium acetate (5.42 g, 0.037 moles) was added to a stirred solution of toluene (150 
ml) and acetylacetaldehyde dimethyl acetal (49.3 g, 0.373 moles). Malononitrile (24.65 g, 
0.373 moles) was then added to the reaction mixture over a 20-minute period. The mixture 
was allowed to stir for 24 hours at room temperature. The reaction mixture was then 
washed with 50 mL of water followed by rotary evaporation to give 67. 14 g of a mixture of 

15 4,4-dicyano-3-methyl-3-butenal dimethyl acetatal (1) and l,l-dicyano-4-methoxy-2- 
methyl-l,3-butadiene (2). The crude reaction product was then distilled on a 0.1 square 
meter stainless steel wiped film evaporator at 109 °C, 0. 1 mm Hg and 240 RPM to give 
60. 1 kg of a yellow liquid 



20 Yield: 85.0% (1) and (2) 

! H NMR: s 4.55 (m, 1 H), 3.4 (5, 6H), 2.9 (d, 2H), 2.25 (5, 3H) 

1R (KJBr): 3059, 22 1 9, 1 629, 1 547, 1359,1 248, 1 1 43, 98 1 cm" 1 

Mass spectrum m/z: (1)111/2 179, 149,121,75 (2)148,133,119,91,83,78 
Purity: 94.0% (1) and (2) 
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(b) Preparation of 3-cyano-4-methyI-2-pyridone 
(Cyclization) 




The mixture of 4,4-dicyano-3-methyl-3-butenal dimethyl acetatal (1) and 1 ,l-dicyano-4- 
methoxy-2-methyl-l,3-butadiene (2) produced by the preceding step was added to a stirred 
solution of concentrated sulfuric acid (109.8 g, 1 . 1 2 moles) at a rate so that the reaction 
contents did not exceed 30 °C. The reaction mixture was then heated to 50 °C and held at 

10 that temperature for L5 hours. The reaction mixture was cooled to ambient temperature 
followed by the addition of water (150 mL). The product was filtered from the reaction 
mixture, washed with water (20 mL) and dried in a vacuum oven at 70 °C and full vacuum 
for 12 hours to give 40,7 g of 3-cyano-4-methyl-2-pyridone (3). 
mp: 230-232 °C 

15 Yield: 90.6% 

! H NMR: 6.95 (d, J= 2Hz, 1H), 6.29 (d, J= 2Hz, 1H), 2,35(s, 3H); l3 CNMR 162.0, 160.4, 
140.0, 116.1, 108.1, 103.4,21.1 

IR(KBr):3I44, 3097,2979,2833,2227, 1652, 1635, 1616, 1539, 1484, 1242, 1218, 1173, 
819 cm- 1 

20 Mass spectrum m/z: 134, 105, 78, 63, 5 1 

Purity: 98.8 % by HPLC analysis (peak area basis) 



25 
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(c) Preparation of 2-chloro-3-cyano-4-methyIpyridine 
(Chlorination) 




H 

3 4 



The product of the preceding step, 4-methyl-3-cyano-2-pyridone (40.7 g, 0.304 moles) was 
added to a stirred solution of POCL 3 (140 g, 0.912 moles) and PC1 5 (19.0 g, 0.091 moles). 
The reaction was heated to reflux (approximately 1 15 °C) and held under those conditions 
for two hours. Excess POCL3 was removed by distillation. The reaction mixture was then 
10 cooled followed by the addition of water (30 mL) water. The aqueous mixture was 

extracted with 30 mL methylene chloride. The extracts were concentrated and 43.2 g was 
recovered as a tan solid, which was determined to be 2-chloro-3-cyano-4-methylpyridine 
(4). 

mp: 102-104 °C 
15 Yield: 98.2% 

! H NMR: 8.03 (d, J- 2 Hz, 1H), 7.6 (d, J= 2 Hz, IH), 2.5 (s, 3H); l3 C NMR 156.1, 152.6, 
151.8, 124.9, 114.4, 111.8,20.6 

Mass spectrum m/z: 155, 154, 152, i 17, 1 16, 90, 89, 76, 64, 63, 62 
FTIR(KBr): 3144, 2979, 2834,2228, 1653, 1616, 1540, 1484, 1242, 1218, 1173,819,607 
20 cm" 1 

Purity: 98.6% by HPLC analysis (peak area basis) 
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(d) Preparation of 2-chloro-3-amido-4-methylpyridine 
(Addition of water) 




The product of the preceding step, 2-chloro-3-cyano-4-methylpyridine (34. 14 g, 0.224 
moles) was added to a stirred solution of concentrated sulfuric acid (65.87 g, 0.672 moles) 
at 90 °C. The mixture was then heated to 100 °C and held at that temperature for three 
hours. The reaction was then cooled to 90 °C followed by the addition of water (12 lmL). 
The mixture was cooled to 1 0 °C and held at that temperature for one hour. The solid 
product was isolated from the reaction mixture by filtration, washed with water (16 mL) 
and dried at 70 °C under full vacuum to give 34.7 g of 2-chloro-3-amido-4-methylpyridine 
(5). 

mp: 178-179 °C 
Yield: 92.93% 

■H NMR: 8.28 (d, J= 8 Hz, 1H), 8.09 (s s 1H), 7.84 (s, 1H), 7.34 (d, J= 8 Hz, 1H), 2.3 1 (s, 
3H) 

13 CNMR: 166.4, 1149.0, 1437.8, 146.2, 136.0, 125.0, 18.9 
Mass spectrum m/z: 155, 154, 152, 1 16, 91, 90, 89, 88, 76, 75, 64, 63, 62, 52, 51 
FTIR(KBr):3407, 3303,3194,3116,3069,3031,2962,2847, 1664, 1539,1475, 1458, 
1380, 1174, 1145, 798, 595 cnV 1 . 
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5 6 



Bromine (34.7 g, 0.204 moles) was added to a stirred solution of sodium hydroxide (8.14 
g. 0.224 moles) and water (205 mL) at 0 °C. The product of the preceding step, 2-chloro- 

3- amido-4-picoline (34.7 g, 0.204 moles) was then added to the reaction mixture followed 
by heating to 22 °C. An additional 66 mL water was then added to the reaction mixture 

10 followed by heating to 70 °C and stirring for one additional hour. The reaction mixture 
was cooled to ambient temperature and extracted with methylene chloride (60 mL). The 
methylene chloride was removed by rotary evaporation to give 24.8 g of 2-chloro-3-amino- 

4- methylpyridine (6), 
mp: 69 °C 

15 Yield: 93.1 % 

! H NMR: 7.5 (d, J= 4.64Hz, 1H), 7.0 (d, J= 4.28 Hz, 1H), 5.25 (s, 2H), 2.1 (s,3H) 
,3 CNMR: 140.0, 136.2, 135.6, 131.9, 125.7, 19.0 

IR(KBr): 3429,3308,3198, 1630, 1590, 1550, 1475, 1451, 1441, 1418, 1377, 1295, 1122, 
860, 821,656, 527 cm' 1 
20 Mass spectrum m/z: 145, 144, 142, 107, 106, 105, 80, 79, 78, 62, 54, 53, 52 
Purity: 100.2 %, HPLC analysis (peak area basis). 
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What is claimed is: 



1. 



A process for preparing 2-chloro-3-amino-4-methylpyridine 



5 




NH 2 



CI 



which comprises the following steps: 

(a) reacting acetylacetaldehyde dimethyl acetal with malononitrile, in the presence of an 
ammonium salt catalyst, to yield a mixture of 4,4-dicyano-3-methyl-3-butenal dimethyl 

10 acetal and l,l-dicyano-4-methoxy-2-methyl-l,3-butadiene, 

(b) treating the mixture of 4,4-dicyano-3-methyI-3-butenal dimethyl acetal and 1,1- 
dicyano-4-methoxy-2-methyl-l,3-butadiene so produced with a strong acid and water, to 
yield 3-cyano-4-methyl-2-pyridone, 

(c) treating the 3-cyano-4-methyI-2-pyridone so produced with a strong chlorinating agent, 
15 to yield 3-cyano-2-chloro-4-methyIpyridirie 

(d) treating the 3-cyano-2-chloro-4-methylpyridine produced in the preceding step with a 
strong acid and water, to yield 2-chloro-3-amido-4-methylpyridine, and 

(e) treating the 2-chloro-3-amido-4-methylpyridine produced in the preceding step with a 
strong base and a halide, to yield 2-chloro-3-amino-4-methylpyridine. 



2. The process of claim 1 wherein the ammonium salt catalyst used in step (a) is 
piperidinium acetate. 

3. The process of claim 1 wherein the acid used in step (b) is sulfuric acid. 

25 

4. The process of claim 1 wherein the chorinaling agent used in step (c) is a mixture 
ofPOCL 3 and PCI 5 . 



20 
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5. The process of claim 1 wherein the strong acid used in step (d) is sulfuric acid. 

6. The process of claim 1 wherein the base and halide used in step (e) are, 
respectively, NaOH and Br 2 . 

5 

7. The process of claim 1 wherein the crude mixture of 4,4-dicyano-3-methyl-3- 
butenal dimethyl acetal and l,lMjicyano-4-methoxy-2-methyl-l,3-butadiene produced in 
step (a) is washed with water to remove catalyst, followed by evaporation to remove 
solvent, and the remaining crude mixture is then subjected to distillation, to remove high 

10 boiling reaction byproducts, and then the remaining process steps (b) though (e) are carried 
out. 

8. The process of claim 7, wherein the distillation is continuous, short path 
distillation. 

15 

9. The process of claim 8 wherein the distillation is accomplished via wiped or thin 
film evaporation. 

1 0. 4,4-Dicyano-3-methyl-3-butenal dimethyl acetal. 

20 

11. 1,1 -Dicyano-4-methoxy-2-methyl- 1 ,3-butadiene. 
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Schedule Service 

Thank you for scheduling your appliance service online 

Confirmation number: 020990299 | Last Name: wales 

Use this number and name to check the status, change or cancel your service. 

Print this page for your records 



Important information about your service 
appointment 

• On the evening before your scheduled repair 
appointment, GE will call at your primary phone 
number to confirm your appointment. 

• On the day of your appointment, you will also 
receive a call from a GE service technician to 
confirm the appointment details and verify that 
someone over 18 is at the appliance location. If the 
technician cannot reach you at your primary phone 
number, the alternate phone number (if applicable) 
will be used. 

In the event that GE cannot reach you after at least 
two attempts within the appointment time span, the 
service call will be canceled. To reschedule the 
appointment, call us at 1-800-GECares (1-800-432- 
2737). 



Service requested for: 

GE Profile 

Side By Side Refrigerator 

Scheduled Date: 

Thursday, June 15 
Afternoon, 1 :00 pm to 5:00 pm 

Customer name and location of 
appliance: 

William wales 
1272 Helford Lane 
Carmel, IN 46032 
317-843-1845 
317-796-7099 
wwwales® aol.com 



Schedule service for another appliance 



Prefer to schedule service by phone? Call 1-800-GECares (1-800-432-2737) 



http://genet.geappliancesxom/Sem^ 



6/13/2006 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 



Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 



W LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 



IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



BEST AVAILABLE IMAGES 




OLOR OR BLACK AND WHITE PHOTOGRAPHS 



□ GRAY SCALE DOCUMENTS 




